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FOREWORD
This technical no g . was prepared by personnel in the Dynamics & Loads Group
at the Huntsville Research & Engineering Center for NASA-Marshall Space
Flighc Center under Contract NAS8-34978. Mr. Norman L. Schlemmer, EP46, is
the MSFC Contracting Officer's Representative for this contract.
.;INTRODUCTION
The occurrence of a crack in the HPFTP first stage impeller of pump 2608 R2
during test 750-245 prompted this analysis to examine possible causes of the
failure. Preliminary analysis, using an existing HASTRAN model of the
impeller, showed a deficiency in the model's ability to reliably calculate
stress in the area of concern (outboard edge of the impeller shroud). A new
NASTRAN model was constructed to better define the stress state in the area
of crack initiations. Static stress analysis and normal modes analysis were
performed on the new model. Results are presented on the following pages.
Model Description
Due to the complexity inherent in the impeller's geometry, a symmetry
approach was indicated to permit sufficient modeling detail. The cyclic
symmetry feature of NASTRAN is frequently used in such applications as
modeling circular structures that have repeating segments around their
circumference. It allows the user to model only one segment of the
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structure while KASTRAN applies appropriate boundary conditions at the
symmetric boundaries to simulate thu complete structure.
A 60 degree segment of the impeller was modeled following the sweep of the
r-tgion between full blades as shown in Fig. 1. Figure 2 show a computer
generated plot of the actual. NASTRAN model, while Fig. 3 shows how each
segment interfaces to form the complete impeller.
Analysis
Steady state loads shown in Fig. 4 were applied to the model resulting in
the stress contours shown in Figs. 5 and 6. Stress values at the outboard
edge of the shroud are tabulated in Fig. 7. Using the maximum stress from
Fig. 7, an estimate of the maximum allowable alternating stress was
calculated in Fig. 8. Figure 9 is a modified Goodman diagram. Frequency
output from the normal modes analysis is shown in Figs. 10 and 11.
Conclusions
e Steady state stress is insufficient to cause failure,
e barge forcing function would be necessary to cause stress that
approaches allowable alternating stress.
e Frequency content of impeller indicates the possibility of
resonances as shown on Campbell diagram (Fig. 11).
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Fig. 1 60 deg Segment of Impeller Modeled with NASTRAN
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Fig. 2 NASTRAN Model of HPFT2 Impeller (60 deg Segment)
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Fig. 3 S
chematic of Segment Assembly (Shroud Oily)
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Fig. 4 Steady State Loads on HPFTP Impeller
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Fig. 5 Stress Distribution - Shroud External Surface
(Rotational Load Only)
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Fig. 6 Stress Distribution - Shroud External Surface
(Pressure and Rotational Loads)
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Fig. 7 Stress at Outboard Edge of Shroud
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Fig. 9 Modified Goodman Diagram TI-5AL-2.5SN
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Fig. 10 HPFTP Impeller Frequency List
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Fig. 11 HPFTP Impeller CaTpbcll Diagram
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